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Transmission Potential of Rift Valley Fever
Virus over the Course of the 2010 Epidemic
In South Africa

Technical Appendix

Estimation of the effective reproduction number (Re) by using the Wallinga and
Teunis algorithm extended to account for spatial information, and formulas used

to calculate vaccination coverage

Estimation of R,

The Wallinga and Teunis method (1) estimates R, by calculating the relative likelihood
that a case i gets infected from another case j given their difference in time, t, of symptoms onset
ti—tj, and assuming a probability density function (pdf) of the generation interval. The generation
(or serial) interval is defined as the time between onset of symptoms for a primary case and the
onset of symptoms of its secondary case (2). The relative likelihood p;; that a case j infects a case
1, Is defined as the probability that case j infects case i, divided by the likelihood that case i had

been infected from any other case k (1):

pij=pdf t;—t; |/ i«kpdf(t;— tx), Equationl
The effective reproduction number R; for case j is calculated by summing over all cases i

infected:

R; = p;j, Equation 2

The Wallinga and Teunis likelihood estimation procedure was extended to account for
spatial distance between affected farms, so that the likelihood that farm j infected farm i
depended on the time difference between onset of symptoms between the two farms j and i, and
also on their separating distances |di—d|.

Since no independent dataset, that is, from another epidemic in another country was

available to estimate a generation interval for RVF at the farm level, and in 2 dimensions
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(distance and time), the 2011 RVF South African outbreak dataset was used. In a previous
analysis, Métras et al. (3) estimated the spatiotemporal interaction (or proximity) from the 2011
dataset [denoted Dy(s,t)] using the space—time K-function (4). These Do(s,t) values were used as
a generation interval distribution in the likelihood estimation procedure (Figure).

Vaccination Coverage

Vaccination coverage (VC) was estimated by March 31, 2010 (end of Period 2, noted
VC,) and May 31, 2010 (end of Period 3, noted VC3). Since no information on spatial vaccine
sales was available, VC was estimated under three scenarios A, B, and C, described as follows.
Scenario A assumed that vaccination coverage was applied throughout South Africa,
proportionally to livestock population. Scenario B assumed that the number of vaccines used in a
province over a specific period of time was proportional to the number of cases reported in that
province over that same period of time. Scenario C assumed that all vaccines were used in the
Free State province only, during Periods 2 and 3; and that no vaccine had been used before the
epidemic (Period 1). Therefore, it allowed estimating the maximum coverage for that province,
which was the first and most affected one, and also the one in which the government applied
vaccination first (5). Corresponding notations were: VCa, and VCas, VCpg, and VCgs; and VCc:
and VCcs. Formulas used to calculate VC in the Free State and other provinces are detailed in

Table 1. Notations, values and data sources are detailed in Table 2.
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Technical Appendix Table 1. Formulas used to calculate vaccination coverage in Free State Province, South Africa, during the 2010
Rift Valley fever epidemic*

Scenariot Vaccination coverage at end of Period 2 (VC,) Vaccination coverage at end of Period 3 (VCs;)
A Vsaz Vsazt Vsaz
VCy = — VC,., = 242 43
VC — FS2 VC — FS2 FS3
B2 NFS B3 NFS
P __ AFfps1+AFFs; P __ AFFfs3
With: Vps, = Arsni t AFsns Vsaz With: Vpgs = Ao Viss
C Vsaz Vsaz+ Vsaz
VCey = — VCe3 = —————
c2 NFS c3 NFS

*Two vaccination coverage (VC) periods were calculated under scenarios A, B, and C: Period 2 (VC,), ending March 31, 2010, and Period 3 (VCj,),
ending May 31, 2010. Notations are detailed in Table 2. Scenario B allowed for the calculation of vaccination coverage for every province in South Africa,
using corresponding relevant provincial figures.

tScenario A assumed that vaccination coverage was applied throughout South Africa in proportion to the livestock population; Scenario B assumed that
the number of vaccines used in a province over a specific period was proportional to the number of cases reported in that province over that same period;
Scenario C assumed that all vaccines were used in Free State Province during Periods 2 (January 19—-March 31, 2010) and 3 (April 1-May 31, 2010) and
that no vaccine had been used before the epidemic (Period 1, April 1, 2009-January 18, 2010).
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Technical Appendix Table 2. Notation, description, value, sources of the data used to calculate vaccination coverage*

Notation Description Value Source

VCa2z Vaccination coverage in Free State by March 31, 2010, for Scenario A To estimate -

VCas Vaccination coverage in Free State by May 31, 2010, for Scenario A To estimate -

VCeg> Vaccination coverage in Free State by March 31, 2010, for Scenario B To estimate -

VCags Vaccination coverage in Free State by May 31, 2010, for Scenario B To estimate -

VCe: Vaccination coverage in Free State by March 31, 2010, for Scenario C To estimate -

VCcs Vaccination coverage in Free State by May 31, 2010, for Scenario C To estimate -

VEs2 No. vaccine doses sold for Free State during Periods 1 and 2: April 1, 2009— To estimate -

March 31, 2010

VEss No. vaccine doses sold for Free State during Period 3: March 31, 2010-May 31, To estimate -
2010

Nsa No. sheep, cattle and goats for South Africa for the period April 1, 2009-May 31, 45,162,901 (6)
2010

NEs No. sheep, cattle and goats for Free State for the period April 1, 2009-May 31, 7,437,641 (6)
2010

Vsaz No. vaccine doses sold for South Africa during Periods 1 and 2: April 1, 2009— 3,400,000 (@)

March 31, 2010
Vsas No. vaccine doses sold for South Africa during Period 3: March 31, 2010 — May 5,800,000 (@)
31, 2010

AFsa1 No. affected farms in South Africa during Period 1: April 1, 2009-January 18, 28 (8-10)
2010

AFsaz No. affected farms in South Africa during Period 2: January 19, 2010-March 31, 311 (8-10)
2010

AFsas No. affected farms in South Africa during Period 3: March 31, 2010 — May 31, 151 (8-10)
2010

AFes1 No. infected farms in Free State during Period 1: April 1, 2009-January 18, 2010 0 (8-10)

AFes2 No. infected farms in Free State during Period 2: January 19, 2010-March 31, 208 (8-10)
2010

AFes3 No. infected farms in Free State during Period 3: March 31, 2010 — May 31, 2010 41 (8-10)

*Scenario A assumed that vaccination coverage was applied throughout South Africa in proportion to the livestock population; Scenario B assumed that
the number of vaccines used in a province over a specific period was proportional to the number of cases reported in that province over that same period;
Scenario C assumed that all vaccines were used in Free State Province during Periods 2 (January 19—March 31, 2010) and 3 (April 1-May 31, 2010) and
that no vaccine had been used before the epidemic (Period 1, April 1, 2009-January 18, 2010).
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Technical Appendix Figure. Distribution of D zero, by time and distance [Dy(s,t)]. Do(s,t) is a measure of
spatiotemporal interaction between cases and was estimated by using the space—time K-function (3,4).
Pink surface, Dy(s,t); green, yellow, and blue surfaces are the smoothed distributions obtained with

bandwidth values of 1, 3, and 5, respectively.
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